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57 ~ ABSTRACT

A liquid crystal display device comprises: a liquid crys-
tal module including liquid crystal display panel having
a plurality of liquid crystal picture elements arranged in

‘a matrix form, and driving circuits for applying driving

signals to signal electrodes and to scanning electrodes of
the liquid crystal display panel, respectively; a control

~circuit for controlling operations of the liquid crystal

module; and a means for inverting polarity of a voltage
to be applied to a liquid crystal layer by generating a

‘control signal M’ having a period mr which signal in-

verts the polarity of the voltage to be applied to the
liquid crystal layer whenever a clock signal having a
pertod 7 is counted a predetermined number m/2. How-

ever, if a penod of a frame frequency is nr and an arbi-

trary mteger is L,
(1) m is set to be 2n/(2L.—1), or
(2) m is set to be n/L and the control signal M’ is
inverted per said frame period n7, or
(3) m is set to satisfy L —4<n/m<L, or
(4) m is set to satisfy L — 1 <n/m< L —# and the con-
trol signal M’ i1s inverted per the frame period nr.

Furthermore, if the least common multiple of 2n and m

18 H, values of m are set so that both H/(2n) and H/m
- are not simultaneously odd numbers.

12 Claims, 26 Drawing Sheets
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DRIVIN G CIRCUIT FOR LIQUID CRYSTAL
- DISPLAY DEVICE

BACKGROUND OF THE INVENTION

4,746,197

- areas is higher than that of the non-selected elementson
Bj and Bj; areas and the phenomenon of blurs occurs

5

The present invention relates to a liquid crystal dis- -

 play device and more particularly to a driving ClI‘CUlt

for driving a liquid crystal display device.

In the case of time multiplex driving of a liquid crys-
tal display device, the amplitude-selective addressing
scheme 1s usually used as described in U.S. Pat. No.

10

3,976,362 to. Kawakami and the polarity of voltage

applied to liquid crystal layer is periodically reversed so
- that the liquid crystal layer has no mean DC level ap-

plied to it. For polarity inversion, there are two kinds of 13

methods, one of which is to convert the dnvmg wave-
forms into alternating waveforms by inverting the po-
larity within one frame period (the time necessary to
scan all scanning lines once), and is hereafter referred to

- as driving method A, and the other is to convert the

driving waveforms into alternating waveforms by in-

2

around the display. As an example, the driving wave-
forms are shown in FIGS. 3(a) to 3(j) which are applied
to the display elements ai, a3, a3 and a4 shown on FIG.
2 by the driving method B. In these figures, by compar-

ing the driving waveforms applied to the display ele-

ment a3 with the driving waveforms applied to the re-
maining display elements aj, a3 and a4, it can be under-
stood that the frequency components of the driving
waveforms ‘applied to the display element a; is ex-
tremely higher than the frequency components of the
driving waveforms applied to the display elements aj,

azand ag, and from the relationships shown in FIG. 1, it
can be understood easily that the blurs in display be-
come excessively conspicuous with the increase of fre-
quency range of the driving waveforms. Further, in

- FIG. 2 the B area appears blanched compared with B;

20

verting the polarity within the period of two frames and |

is hereafter referred to as driving method B. These
- methods of time multiplex driving for liquid crystal
display elements are discussed in detail, for example, in
the Nikkei Electronics, Aug. 18th, 1980, pp 150~174.
The time multiplex driving for liquid crystal display

25

~ elements is described in the above-mentioned patentand

reference, and at present the driving method B is used
~mainly with the increase of scanning line numbers for

- time multiplexing in order to avoid the increase of
- power consumption of a driver LSI.

However, since the lowest driving frequency in the

driving method B is the half of the frame frequency, e.g.

- 70 Hz, there may be a case where liquid crystal display
elements are driven at a very low frequency according
to a pattern to be displayed. On the other hand, the
threshold voltage of the liquid crystal has a characteris-
tic dependent on the frequency of applied voltage, and
. In case that the threshold voltage of the liquid crystal, a
~ voltage at which ON-state of liquid crystal display ele-

~ments begins to be visible, falls largely at lower frequen-

cies, strong blurs occur in display according to particu-

~ lar display patterns when the driving method B is em-
ployed. For example, if the liquid crystal has a charac-.

- teristic in which the threshold voltage V;; drops at
lower frequencies as is shown in FIG. 1, and the alpha-

30

35

45

~ bet E is displayed by applying voltage between signal

electrodes Cy, Ca, . . ., Cyoand scanning electrodes Ry,
Ry, .. ., Ra7selectively as in FIG. 2, darkening of the
shaded areas of A, Azand Ajoccurs, and the degree of
 darkening is lower than that of the selected element D
~on Bj and Bj areas but higher than that of the non-
selected areas E on By and Bj. As a result, dark shades

~ appear near an intended display as shadows. This phe-

- nomenon can be explained as follows. The frequency
components of the driving voltage V, applied to the
liquid crystal display elements on the areas of Ay, Az
and Aj are extremely lower than those of the driving
voltage V, applied to the liquid crystal display elements
on the areas of B1 and B;. Considering the frequency
~dependence of the threshold voltage shown in FIG. 1,
- the voltage V1 applied to the elements on Aj, A3 and
~ Ajzareas with respect to their threshold voltages at their
frequency is higher than the voltage V; applied to the
elements on B and B; areas with respect to their thresh-

old voltages at their frequency, and as a result, the

~ degree of darkening of the elements on Aj, Az and A3

50

area due to the higher frequency components for the B
area, and this phenomenon can be explained in the same
way as above. Further, in FIG. 3 the symbol 7p desig-
nates a pulse width of a scanning signal.

As a measure to solve this problem, it may be consid-
ered to use the driving method A, but it is known that
a different type of blurs in display appears. By driving
method A, it can be considered that the blurs are caused
by considerable influences of waveform distortions on
effective voltage values at resultant higher driving fre-
quencles '

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
liquid crystal display device free from the blurs in dis-
play due to the lowering of the threshold voltage of the
liquid crystal with low frequency.

Another object of the present invention is to provide

a liquid crystal device free from spurious signals in
display due to the inversion of polarity of voltage ap-
plied to liquid crystal display elements.

The above-mentioned objects can be accomplished
by the present invention which provides a liquid crystal
display device comprising:

a liquid crystal module including a liquid crystal dis-

- play panel having a plurality of liquid crystal picture

elements arranged in a matrix form, and driving circuits
for applying driving signals to signal electrodes and to

scanning electrodes of the liquid crystal display panel,

respectively;

a control circuit for controlling the operation of the
liquid crystal module; and

a means for inverting the polarity of the voltage that

is to be applied to a liquid crystal layer and for generat-

" ing a control signal M’ having a period mr which in-

3

65

verts the polarity of the voltage applied to the liquid '

crystal layer whenever a clock signal having a period 7
18 counted predetermined number m/2,
wherein, let the frame period be nr, and let the arbi-
trary integer be L,
(1) m 1s set to be 2n/(2L.—1), or |
(2) m1s set to be n/L, and the aforementioned control
signal M’ is inverted per frame period n7, or
(3) m 1s set to satisfy L—4<n/m<L, or
(4) m is set to satisfy (L—1)<n/m<(L—3), and the
control signal M’ 1s inverted per frame period nr,
moreover, where the least common multiple of 2n

‘and m is H, the value of m is set so that both H/(2n) and
‘H/m are not simultaneously odd numbers.
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3

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the frequency dependence of the
threshold voltage;

FIG. 2 is a diagram for illustrating the occurrence of
blurs in display in the case of displaying the pattern of
the alphabet E on the liquid crystal panel;

FIGS. 3(a) to 3(j) show timing charts of the opera-
tions in FIG. 2;

FIG. 4 is a graph showing variations in threshold
voltage which are caused by the frequency;

FIG. 5 is a graph showing changes in luminance
versus variations in threshold voltage;

FIG. 6 is a graph showing relationship between lumi-
nance and effective values of applied voltages, this
graph being employed for a description of the threshold
voltage;

FIGS. 7(a) to 7(d) inclusive are charts for describing
a method of increasing frequencies of the driving voit-
age with the help of a new control signal M";

FIGS. 8(a) to 8(e) inclusive are charts for explaining
phasic relationships between successive frames and a
ratio of the period of the control signal M’ to the frame
period;

FIGS. 9(a), 9(b) are charts for describing a phasic
relationship between the control signals M and M,

FIG. 10 is a block diagram of liquid crystal modules
which shows one example of a driving circuit designed
-for a liquid crystal display device according to the pres-
* ent invention;

- FIGS. 11(a) to 11(d) inclusive are charts showing
- operational timing of FIG. 10; -

FIG. 12 is a circuit diagram showing one example of
the liquid crystal driving circuit connected to that de-
picted in FIG. 10;

FIGS. 13(a) to 13(e) inclusive are charts showing

- operational timing of the circuit illustrated in FIG. 12;
FIG. 14 is a circuit diagram showing another example
~of the liquid crystal driving circuit connected to that
depicted in FIG. 10;

FIGS. 15(a) to 15(e) inclusive are charts showing
operational timing of the circuit of FIG. 14;

FIGS 16(a) to 16(1) inclusive are charts of voltage
waveforms which show comparison of driving frequen-
cies by the driving methods A, B and the embodiment 1,
respectively, when all the picture elements are to be in
an ON-state; and

FIGS. 17 to 28 inclusive are circuit diagrams each
showing a still another embodiment of the liquid crystal
driving circuit connected to that of FIG. 10.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the driving method B, the frequency fp of a drive
voltage appiled to the liquid crystal element is in the °
range of relationship (1) where a frame frequency is fF
and the number of scanning lines, namely the number of
multiplexing is n.

QY F=/D=@)nfF

When considering an example of liquid crystal dis-
play device where a number of multiplexing is 100,
since the frame frequency frranges from 40 to 90 Hz,

d

10

15

20

25

30

35

45

>0

(1) 60

the drive frequency fp is, in this case, in the range of 63

relationship (2).

20 (Hz) =fp=4500 (Hz) )

4

FIG. 4 shows changes in threshold voltage Vth re-
sulting from changes in drive frequency in terms of the
percentage for the threshold voaltage Vth (500 Hz)
with drive frequency of 500 Hz and FIG. § shows
changes in luminance of liquid crystal display resulting
from the change of threshold voltage Vth with a fixed
voltage applied across the liquid crystal layer.

In these Figures, the threshold voltage Vth is, as
shown in FIG. 6, the effective value of the applied
voltage in which the luminance observed in the direc-
tion inclined at an angle of 10° from the normal to the
display surface amounts to 80%, which is designated as
Vthgge, 10°.

Therefore, when the frequency f{p changes in the
range specified by the inequality (2), the threshold volt-
age Vth is lowered by 5% in the low frequency side as
is apparent from FIG. 4 and thereby the luminance of
liquid crystal display is changed by 10% or more with
reference to FIG. 5, allowing generation of blur in
display. It can also be understood that the change of
threshold voltage Vth must be suppressed to about
1.5% or less in view of keeping change of luminance at
10% or less so that blur in display can not be detected,
but-the minimum value of drive frequency must be kept
at 100 Hz or more in order to suppress changes in

threshold voltage Vth to 1% or less considering some
margin.

In order to raise the minimum value of drive voltage
frequency component without changing the voltage

waveforms applied to the signal electrodes Ci and scan-
ning electrodes Ri from that of the driving method B,
the period for reversal of polarity of voltage applied to
the liquid crystal element must be set larger than that of
the driving method A but must be smaller than that of
the driving method B. An example of drive signal wave-
form applied to the picture element a3 shown in FIG. 2
will be explained hereinafter. In FIG. 7, the waveform
(a) is a drive waveform applied to the picture element
a3 during the drive by the driving method B, the wave-
form (b) 1s a control signal M for reversing the polarity
of voltage applied to liquid crystal layer during the
driving method B, namely during the two frame period,
the waveform (c) is a new control signal M" for increas-
ing frequencies of drive waveform applied to the liquid
crystal layer, and the waveform (d) is a drive waveform
formed through inversion of polarity by the new con-
trol signal M"”. Since the frequency of new control
signal M” is equal to triple that of control signal M for
the driving method B, the frequency component of
drive waveform applied to the picture element a3 is also
tripled.

The minimum frequency component, 20 Hz of the
drive voltage in the driving method B can be set higher
5 than the minimum driviang frequency 100 Hz for sup-
pressing the change in Vth to 1% or less by inverting
the polarity of the drive voltage with the control signal
having the period less than 1/5 of that of the control
signal M whose period is double the frame period in the
driving method B. Meanwhile, if the period of control
signal is set excessively short, the driving method be-
comes similar to the method A and influences by the
distortion of drive waveform on the effective value of
drive voltage become large, and blurs in display are
generated.

According to the results of some experiments, it is
found that that when the frame frequency falls within a
range of 40-90 Hz and the number of muitiplexing n is



in a range of 50-200, it is preferable to adopt the new
control signal M” whlch satisfies the relatlon mdlcated
~ below.

2.0=(Frame period/Period of the new control

signal}=6.0 - (3)

The embodiments of the present invention will then

‘be explained in detail with reference to the accompany-

~ ing drawings. |
Referring to F IG. 8, there are shown phasic relation-
ships between a ratio of the frame period 75 the period
| ™ of the control signal M’ and starting ends of succes-

- sive frames.

When L—1 ETF/TM <L—}% 4
 where L is an.'_integer, the polarity of the control signal
- M’ at the starting ends of the successive frames, as

shown in FIG. 8(a), 8(d), 8(e), does not change.

. When L—}Sta/re<L 5)

4,746,197

10

_ 6
~ If the P is a positive integer, the equation (9) can be
expressed as follows. | |

n=mP+Q however, m> |Q| (%) .

Accordingly, as Q decreases, the scanning 'line on
which the polarity inversion takes place moves more
smoothly. To be specific, if m is so set as to establish this

inequality, —10=Q =10, the scanning line on which the
polarity inversion of the voltage applied to the liquid

| crystal layer occurs moves smoothly, thereby prevent-

15

20
- crystal module comprising a liquid crystal display panel
having a plurality of liquid crystal picture elements

‘as shown in FIGS. 8(b), 8(c), the ﬁolarity of the control .

signal M’ at the starting ends of the successive frames 1S
mverted. |
- Hence, given that TM' is set to a relatlonshlp such as
L—1=7r/7pmr<L—1}, it is desirable to invert the con-
~ trol signal M’ with the frame period 7
- Save for the method A, even-numbered frames are
required for making the mean value of the voltage zero

25

ing deterioration of the display quality.
The preferred embodiments of the present invention
will hereinafter be described in detail with reference to

the accompanying drawings. |
FIG. 10 is a block diagram showing one example of

the liqud crystal display device comprising a liquid

‘crystal module and a control circuit for controlling this

liquid crystal module.
In this Figure, reference numeral 1 denotes a liquid

arranged on a matrix and driving circuits for the liquid
crystal, and 2 denotes a control circuit (for example,
Control Circuit Board for Graphic LCD display Mod-

~ ules CB 1026R available from Hitachi, 1.td.) for con-
- trolling the operation of the liquid crystal module 1.
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-~ which is to be applied to the liquid crystal layer. Where

r is the clock period; n7 is the frame period; and mr is

- the period of the control signal M’, the period T4z rwith

‘which the phasic relationship between the frame fre-
quency and the control signal M’ is likewise repeated as
in the case of the initial relatlonshlp Is given such as:

—F - ———

H =T4 Lr/r_(the least common multlple of 2n and
m) | -

©

Numeral 3 denotes the liquid crystal display panel
shown in FIG. 2, 4a and 4b signal electrode driving
circuits for giving signal voltage as its outputs to the Y
axis signal lines Y, Y2, Y3, ..., Y, of the liquid crystal

‘display panel blocks 3z and 3), respectively, and 5§ a

- scanning electrode driving circuit for giving selective
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lines X, X3, X3, .
liquid crystal panel blocks 3¢ and 3b respectively and |

pulses as its outputs for scanning the X axis scanning
o sy Xnand Xn-!-l'Xn-l—Z’- .0y XZntthe ,

- sequentially. Numeral 6 denotes a power supply for
~ supplying proper voltage to drive the signal electrode

" FIG. 9 shows a phasic relationship between the con-
trol signal M and the control signal M’ in connection -

with the period 747 T, the control signal M’ being gener-

~ ated by counting the clock signal and the control signal |,

‘M being the signal for polarlty reversal with the frame
pertod TF.
FIG. 9(a) shows such a phasic relatlonshlp required
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for making the mean value of the voltage which is to be

- applied to the liquid crystal layer per period 747 zero,
when 741 7=22K+ 1)7F, k being an integer. Hence, the
following formulae must be satisfied.

T4 LT/TM:_TA LT/(2nr)=_H/(2n)=odd _numbers,
T4 LT/f " =T4r r/(m'r)= H/m=even numbers (7)

. When'm .7=2.2K.7F FIG. 9(b)' shows such a phasic
relationship required for making the mean value of the

voltage which is to be applied to the liquid crystal layer -
- per period T4LT Zero. ThIS indicates that the formulae

(8) must be met.
TALT/TM= 1',41:, T/ (2n7)=eﬁen nembers,
TALT/TM'/(}HT)=odd numbers (8

In other words, the .Val_.ue of m is set so that both
H/(2n) and H/m are not simultaneously odd numbers.
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driving circuits 4q, 4b and the scanning electrode driv-
ing circuit 5 by the amplitude-selective addressing
scheme as described in U.S. Pat. No. 3,976,362 to
Kawakami. The numeral 7 denotes a timing circuit for
generating the latch signal CL;, data shift signal CL;

~ and the control signal M for AC driving as the timing

signals to operate the liquid crystal module 1, and 8 a

power supply for supplying the proper voltage to the

power supply 6. Symbols D and D; denote data termi-
nals to which ON-OFF information for all picture ele-
ments on the signal electrodes Y1, Y2, Y3,..., Y, are
given serially as the inputs and FLLM an input terminal

~ to which the frame frequency signal is given as its input.
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Further explanation is made in “Liquid-Crystal Matrix '

Display”, Image Pickup and Displays, IV Academic

Press (1981).

FIGS. 11(a) to 11(d) are timing charts showing the
output signals of the control circuit 2 shown in FI1G. 10
by the driving method B. |

In this configuration, ON-OFF information signals
for all picture elements on a certain scanning line are
given to the data terminals DD and D serially as inputs.
The shift register in the signal electrode driving circuits

- 4q and 4b shifts the data according to the data shift

~signal CL,. A latch signal CL; is outputted when the
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shift register is filled by the serial data and is latched by
a latch circuit. By switching an analog multiplexer ac-
cording to the latched data and taking out the pulse
signals for either selecting or non-selecting elements,

desired picture elements can be displayed. In this case,
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7

the latch signal CL | generates signals at every interval
which equals the divided value of the frame period 7F

by n, which is the number of time multiplexed scanning
lines, and latches the data. Also, in the driving method
B, as has been mentioned above, the driving waveforms
for the liquid crystal are converted into alternating
waveforms by inverting the polarity within two frames
and the complete alternating waveforms within the two
frames can be obtained by the control signal M having
a period which 1s twice the frame period 75 By using
such a driving method, when all elements are displayed
(ON) or all elements are not displayed (OFF), the fre-
quency of the driving waveforms applied to the liquid
crystal equal to about the half of the frame frequency
fr=1/7F Like this, in the driving method B, the lowest
frequency component 1s low and this causes the blurs in
display.

The present invention is therefore characterized such

that the new control signal M" having a period shorter
than that of the original control signal M based on the

above-described driving method B is generated in place

of the control signal M; and the liquid crystal driving
waveforms are inverted in polarity for alternation by
employing the new control signal M", thereby driving
the liquid crystal display device.

Embodiment 1

When the time-multiplexing number n is 64 and the
frame frequency fris 70 Hz, there is exemplified a plan
- wherein the minimum driving frequency fpm:, that is to
—be applied to the liquid crystal layer exceeds 200 Hz.

- Especially, the following three points are taken into
consideration: firstly, Q of the expression (9) should be

as small as possible; secondly, H of the formula (6)

should be minimized; and finally, the number of the

driving circuits to be constituted should be reduced
down to the minimum thereof.

In case of effecting no alternation, the minimum driv-
- 1ng frequecy to be applied to the liquid crystal layer is
- 70 Hz. In order to increase this frequency up to 200 Hz,
- the frequency far of the cocntrol signal M’ is given as
follows:

Sar ZfFX (200 Hz/Hz)

Accordingly, 77/Tar=n/m=200/70=2.86
If the phasic relationship described in the previous ex-
pression (4) is chosen, the values of m which satisfies
this inequality, 3.0<64/m < 3.5, are 19, 20 and 21.

The least common multiple H of 2n=128, m=19
amounts to 24321, so that H/(2n)=2432/128=19,
H/m=2432/19=128.

The least common multiple H of 2n=128, m=20 is
640, and hence H/(2n)=640/128 =5,
H/m=640/20=32. "

Furthermore, the least common multiple H of
2n=128, m=21 amounts to 2688, and therefore
H/(2n)=2688/128=21, H/m=2688/21=128. The re-
lationship of the formula (6) can be satisfied in any case.

When computing Q of the above-described expres-
sion (9), such combinations as (m=19, Q=7), (m=20,
Q=4), (m=21, Q=1) are given.

So far as this embodiment is concerned, there is
chosen m=20 in which H becomes its minimum.

In the second place, a circuit is tangibly exemplified.
In F1G. 12, between a liquid crystal module 1 and a
controller circuit 2 are provided a counter circuit 10 for
outputting the new control signal M’ by counting the
latch signal CL;, and an Exclusive-OR circuit 11 for

10

15

20

25

30

35

45

50

335

65

8

outputting a still newer control signal M"” by utilizing
both the control signal M’ and the original control sig-
nal M based on the driving method B which is output-
ted from the controller circuit 2. According to this
embodiment, ten CL | pulses are counted, and the CLis
frequency-divided, thereby obtaining the new control
signal M'. The still newer control signal M" is the out-
put signal procured by a step wherein the counter out-
put M’ and the control signal M based on the driving
method B that is outputted from the controller circuit 2
are exclusive-ORed.

In this embodiment shown in FIG. 12, inasmuch as
reset signal terminals CLLR1, CLR2 of the counter cir-
cuit 10 are grounded, the counter circuit 10 counts the
latch signal CL; and outputs the control signal M’ re-
gardless of a frame signal FILLM which will be men-
tioned in the embodiment 2. Therefore, neither the new
control signal M’ nor the still newer control signal M"”
generated on the basis of the signal M’ synchronizes
with the frame signal FLLM. Namely, they do not syn-
chronize with the change-over of frames, but the con-
trol signal M" is inverted. FIGS. 13(a) to 13(e) in com-
bination show the timing of each of the signals CL,,
FIL.M, M, M’, M"” which are employed in this embodi-
ment. The still newer control signali M’ does not syn-
chronizes with the frame signal FLLM and hence the
scanning line on which the inversion of polarity of the
voltage to be applied to the liquid crystal is started
moves per frame. In the Figure, an aspect of the move-
ment 1S depicted by an arrowhead.

Embodiment 2

The embodiment 2 involves the same step as that of
the embodiment 1 wherein: the time-multiplexing num-
ber n is 64; the frame frequency fris 70 Hz; the mini-
mum driving frequency fpmin €xceeds 200 Hz; and ten
CL| pulses are counted thereby to generate the new
control signal M'. In the embodiment 2, however, as
shown in FIG. 14, the frame signal FLLM is inputted to
the reset signal terminals CLR1, CLLR2 of the counter
circuit 10, so that the counter circuit 10 synchronizes
with the frame signal FILM every time that the same
signal i1s inputted. Thereafter, the counter circuit 10 is
reset so as to start counting the latch signal CLi,
whereby the new control signal M’ is outputted.

Since this control signal M’ synchronizes with the
frame signal FLLM, the still newer control signal M"”
generated on the basis of the signal M’ likewise synchro-
nizes therewith. In other words, this signal synchro-
nizes with the change-over of the frame. FIGS. 15(a) to
15(e) respectively show the timing of each of the signals
employed in the embodiment 2. In this case, the still
newer control signal M” synchronizes with the frame
frequency signal FLLM and hence the scanning line on
which the inversion of polarity of the voltage to be
applied to the liquid crystal is started is fixed without
moving per frame. FIG. 13 shows this situation with the
help of an arrowhead. As can be clarified from the
description so far made in this embodiment, where the
scanning line on which the inversion of polarity of the
voltage to be applied to the liquid crystal occurs is fixed
with respect to all the frames, unevenness of display
may be created depending on the operational conditions
on the scanning line on which the inversion of polarity
takes place. Under such circumstances, if the control
signal M" is rendered asynchronous with the frame
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- signal FLM as in the case of the embodiment 1 it is
~ feasible to eliminate such display-unevenness.

‘In the aforementioned embodiments of the present
invention, the minimum driving fequency can be set to
a higher value than that in the conventional driving
method B; and it is practicable to improve the display-
_unevenness that is caused by a decrease in threshold
voltage Vth of the liquid crystal on the side of low
- frequencies.

- FIGS. 16(a) to 16(1) n comblnatlon show the respec-
tive driving waveforms of the voltage R; on the scan-

ning electrode and the signal voltage Cjin case of the all
- dot-lighting of the liquid crystal panel shown in FIG. 2

by making a comparison between the driving method
A, the driving method B and the driving method of the

embodiment 1. FIGS. 16(a) to 16(d) show the driving

waveforms when the driving method A is employed;
- FIGS. 16(e) to 16(h) show the driving waveforms when
the driving method B is used; and FIGS. 16(i) to 16(1)

show the driving waveforms when the driving method

of the embodiment 1 is utilized. It becomes apparent on
~observing the Figures that the driving frequency can be
set to a vlaue lower than that of the driving method A,
while at the same time it can be set to a value higher
‘than that of the driving method B. Hence, it is feasible
to improve the above-described unevenness of display.
- The driving circuits depicted in FIGS. 12 and 14
according to the present invention are simply consti-

tuted such that two pieces of CMOS LSI’s are merely

‘added to a conventional circuit. Such a constitution
inevitably brings about no large increase in manufactur-

ing costs. When viewing this driving circuit as a black
- box from the outside, the configuration is the same as
that of the conventional one, and compatibility of the

system is favorable.

Embodlment 3 |
Where the tlme-multlplexmg number n=80 and the

| m--23 24, 25, 26 However, m==26 which allows Q to
~ become its minimum is adopted.

Referring to FIG. 17, there is a shown a tangible
circuit consisting of a binary counter 12 and an Ex-OR
- circuit 11. A particular difference between this circuit

10

11. 'As. in the case of the embodimentll the 'control

~ signal M" does not synchronize with the frame 51gnal

- FLM.

Embodiment 6

n=100, fr=70 Hz and m=232. These values are the
same with the embodiment 5. However, as can be clari-

fied by observing the circuit depicted in FIG. 20, the

~ control signal M that synchronizes with the frame

10

~ embodiment 2.
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. frame frequency fr=70 Hz, m is likewise computed as
in the case of the embodiment 1 thereby to obtain
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~ and the circuit employed in the embodiment 1 involves

such a point that an AND gate is utilized with a view to
acquiring m==26 in the embodiment 3. In this embodi-

 ment, the still newer control signal M” does not syn-

chronize with the frame 51gnal FLM This is the same

with the embodlment 1.
| | ' Embodlment 4

50

Asin the case of the embodiment 3, n= 80 fr=70Hz

and m=26. AS can be understood on viewing the cir-
- cuit shown in the FIG. 18, the still newer control signal
‘M" that synchronizes with the frame signal FLM is

- similarly generated This is the same with the embodi-

- ment 2.
"Emb odlment 5

35

When the tlme-multlplexmg number n is 100 and the

frame frequency fris 70 Hz, m is computed in the same
. way as that of the embodiment 1. As a resuilt, there are
obtained m=29, 30, 31, 32, 33. However, m=32 is
taken up for the purpose of fulfilling Q=4.
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. FIG. 19 shows a concrete example of a circuit constt- - -
tuted by the blnary counter 12 and the Ex-OR circuit

signal FILM 1is generated. This is the same with the

Embodiment. 7

If the time-multiplexing number n is 128 and the
frame frequency fas 70 Hz, m is likewise computed as

~in the case of the embodiment 1 thereby to obtain

m=137, 38, 39, 40, 41, 42. Among these numerical val-
ues, m=42 is chosen in order that Q reaches the mini-

mum value, viz., 2. F1G. 21 tangibly shows a circuit

which comprises the binary counter 12, a flip-flop 13
and the Ex-OR circuit 11. The flip-flop 13 is herein
employed to actualize the control signal M’ having 50%
duty. The control signal M"” does not synchronize with
the frame signal FLLM, which is the same with the em-
bodiment 1.

- Embodiment 8

n=128, fr==70 Hz and m=42. These values are i"c'.'-len'-
tical with those of the embodiment 7. As is obvious on

viewing a circuit shown in FIG. 22, the control signal
M’ that synchronizes w1th the frame signal FLM 1s

generated.

Embodiment 9

- Where the time-multiplexing number n is 171 and the
frame frequency fris 70 Hz, m is similarly computed as
in the case of the embodiment 1, thus obtaining m==49,
51, 52, 53, 55, 56. However, m==56 is adopted so that Q
comes to its minimum, viz., 3. FIG. 23 tangibly shows a
circuit consisting of the binary counter 12, the flip-flop
13 and the Ex-OR circuit 11. The control signal M"
does not synchronize with the frame signal FLLM. This
is the same with the embodiment 1.

| Embodiment 10
The tlme-multlplexmg n is 171, the frame frequency

fris 70 Hz and m is 56, which numerical values are the

same as those of the embodiment 9. As can be clarified
by the observation of a circuit shown in FIG. 24, the

control SIgnal M"” that synchronizes with the frame
signal FLLM is generated, this being ldentlcal with the

| embodnnent 2.

Embodiment 11
When n=200 and fr="70 Hz, m is likewise computed

~ in the same way as that of the embodiment 1, whereby

m=2358, 59, 60, 61, 62, 63, 64, 65, 66 are obtained. Of

- these values is taken up m=64 in which H as well as Q
is relatively small. In this case, H=1600 and Q=28. FIG.

25 shows a tangible circuit which is constituted by the
binary counter 12 and the Ex-OR circuit 11. The con-
trol signal M” does not synchronize with the frame
signal FLLM. This is the same with the embodiment 1.

Embodiment 12 .
n==200,' fr=70 Hz and M =64, which are the same as

those of the embodiment 11. As is obvious on observing
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11
a circuit depicted in FIG. 26, the control signal M" that
synchromzes with the frame signal FLLM is generated.

Embodiment 13

12

4. A liquid crystal display device as set forth in claim
1, wherein said control signal M’ does not synchronize
with said frame frequency.

5. A liquid crystal display device as set forth in claim

Where the time-multiplexing n is 175 and the frame 5 4 Wherein scanning electrodes where polarity of a volt-

frequency fris 70 Hz, FIG. 27 tangibly shows a circuit
in which m=>58 is chosen. The control signal M" does
not synchronize with the frame signal FLM, which is
the same with the embodiment 1.

Embodiment 14

n=175, fFr=70 Hz and m=58. These numerical val-
ues are identical with those of the embodiment 13. As
can be understood from FIG. 28, the control signal M”
that synchronizes with the frame signal FLM is gener-
ated.

It 1s to be noted that the latch signal is frequency-
divided when generating the signal M’ in the above-
described embodiments. The present invention is not,
however, confined to this.

What 1s claimed is:

1. A liquid crystal display device comprising:

a liquid crystal module including a liquid crystal dis-
play panel having a plurality of liquid crystal pic-
ture elements arranged in a matrix form, and driv-
ing circuits for applying driving signals to signal
electrodes and to scanning electrodes of said liquid
crystal display panel, respectively;

a control circuit for controlling operations of said
liquid crystal module; and

a means for inverting polarity of a voltage that is to
be applied to a liquid crystal layer by generating a
control stignal M’ having a period mr which signal
inverts said polarity of said voltage to be applied to
said liquid crystal layer whenever a clock signal
having a period 7 is counted a predetermined num-
ber m/2.

wherein if a period of a frame frequency is n7 and an
arbitrary integer is L,

(1) m is set to be 2n/(2L—1), or

(2) m is set to be n/L and said control signal M’ is
inverted per said frame period nr, or

(3) m is set to satisfy L—4<n/m<L, or

(4) m is set to satisfy L—~1<n/m<L—$} and said
control signal M’ is inverted per said frame per-
1od n7, and furthermore

if the least common multiple of 2n and m be H, values
of m are set so that both H/(2n) and H/m are not
simultaneously odd numbers.

2. A liquid crystal display device as set forth in claim

1, wherein a period TM' of said control signal M’ fulfills
the following inequality:;

20=nr/rM =6.0.

3. A hquid crystal display device as set forth in claim
2, wherein N7 is not an integral multiple of 7¢.
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age to be applied to said liquid crystal elements is In-
verted differ by less than ten scanning electrodes from
frame to frame.

6. A liquid crystal display device as set forth in claim
1, wherein said clock signal is a latch signal for latching
information data for display.

7. A liquid crystal display device comprising:

a liquid crystal module including a liquid crystal dis-

play panel divided into a plurality of blocks having
a plurality of liquid crystal picture elements ar-
ranged in a matrix form, and driving circuits for
applying driving signals to signal electrodes and to
scanning electrodes of said liquid crystal display
panel, respectively;

a control circuit for controlling operations of said

liquid crystal module; and

a means for inverting polarity of a voltage that is to

be applied to a liquid crystal layer by generating a
control signal M’ having a period mr which signal
inverts said polarity of said voltage to be applied to
said liquid crystal layer whenever a clock signal
having a period 7 is counted a predetermined num-
ber m/2,

wherein if a period of a frame frequency is nT and an

arbitrary integer is L,

(1) m 1s set to be 2n/(2L.—1), or

(2) m is set to be n/L and said control signal M’ is
inverted per said frame period n7, or

(3) m 1s set to satisfy L —3 <n/m <L, or (4) m is set
to satisfy L—1<n/m<I.—4% and said control
signal M’ 1s inverted per said frame period nr,
and furthermore

if the least common multiple of 2n and m be H, values

of m are set so that both H/(2n) and H/m are not
simultaneously odd numbers.

8. A liquid crystal display device as set forth in claim

7, wherein a period 7as of said control signal M’ satisfies
the following inequality;

2.0=nr/TM =6.0.

9. a liquid crystal display device as set forth in claim
8, wherein n7 is not an integral multiple of 7ay.

10. A liquid crystal display device as set forth in claim
7, wherein said control signal M’ does not synchronize
with a frame frequency.

11. A liquid crystal display device as set forth in claim
10, wherein scanning electrodes where polarity of a
voltage to be applied to said liquid crystal elements is
inverted differ by less than ten scanning electrodes from
frame to frame.

12. A liquid crystal display device as set forth in claim
7, wherein said clock signal is a latch signal for latching

information data for display.
5 x %X Xx »
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